This paper deals with comparative study of voltage and angle stability analysis with and without STATCOM. This paper makes the assumption that under voltage is caused by a Single phase to ground fault. Single phase to ground fault is applied in IEEE 57 bus system for analysis the effected voltage dip area in IEEE 57 bus system. The effect of fault on voltage profile and angle of IEEE 57 bus system has been analyzed with and without STATCOM. The studies are performed based on MATLAB software package tool box.
INTRODUCTION
Power flow is very important tool for the analysis power systems and it is used in operational and planning [2] . They are necessary for economic scheduling and exchange of power between utilities. In this analysis, iterative techniques are used due to there no known analytical method to solve the problem. This resulted nonlinear set of equations or called power flow equations are generated. The principal information of power flow analysis is to find the unspecified bus voltage angles and magnitudes, active and reactive powers, [6] as well as line loadings and their associated real and reactive losses for certain generation and load conditions. Recent attention on the providing & demanding of power to the entire load while maintaining the voltage magnitude at an acceptable range is one of the major system constraints in transmission and distribution of power system. Power Generation and Transmission is a complex process, requiring the working of many components of the power system in tandem to maximize the output. One of the main components to form a major part is the reactive power in the system. It is required to maintain the voltage to deliver the active power through the lines. Loads like motor loads and other loads require reactive power for their operation. To improve the performance of ac power systems, we need to manage this reactive power in an efficient way and this is known as reactive power compensation. There are two aspects to the problem of reactive power compensation: load compensation and voltage support. Load compensation consists of improvement in power factor, balancing of real power drawn from the supply, better voltage regulation, etc. of large fluctuating loads.
Voltage support consists of reduction of voltage fluctuation at a given terminal of the transmission line. Two types of compensation can be used series and shunt compensation. These modify parameters of the system to give enhanced VAR compensation. The VAR compensators like the STATCOM have been developed. The development and use of STATCOM FACTS controllers for power transmission systems has led to the application of these controllers to improve the stability of power networks [3] [4] . Many studies have been carried out and reported in the 1iterature on the use of these controllers in a variety of voltage stability applications, proposing diverse control schemes and location techniques for enhancing voltage oscillation control [5] .These quite satisfactorily do the job of absorbing or generating reactive power with a faster time response and come under Flexible AC Transmission Systems (FACTS). This allows an increase in transfer of apparent power through a transmission line, and much better stability by the adjustment of parameters that govern the power system i.e. current, voltage, phase angle, frequency and impedance. In a transmission line three phase fault occur in order of frequency of occurrence. The path of fault current may have either zero impedance, which is called a bolted short circuit, or nonzero impedance. When this types of three phase faults occurs the magnitude of bus voltage cannot exist the suitable range, either voltage drops or high. To prevent this effect, STATCOM FACTS controller is the best solution for maintain bus voltage magnitude in a suitable range [9] .
STATCOM OVERVIEW
A static synchronous compensator (STATCOM), also known as a "static synchronous condenser" ("STATCON"), is a regulating device used on alternating current electricity transmission networks [7] . STATCOM is a self commutated switching power converter supplied from an appropriate electric energy source and operated to produce a set of adjustable multiphase voltage, which may be coupled to an AC power system for the purpose of exchanging independently controllable real and reactive power. The controlled reactive compensation in electric power system is usually achieved with the variant STATCOM configurations. The STATCOM has been defined with following three operating structural components. First component is Static: based on solid state switching devices with no rotating components; second component is Synchronous: analogous to an ideal synchronous machine with three sinusoidal phase voltages at fundamental frequency and the third component is Compensator: provided with reactive compensation. It is based on a power electronics voltage-source converter and can act as either a source or sink of reactive ac power to an electricity network. If connected to a source of power it can also provide active ac power. It is a member of the FACTS family of devices. Usefully a STATCOM is installed to support electricity networks that have a poor power factor and often poor voltage regulation and the most common use is for voltage stability. A Static synchronous compensator is a voltage source converter based device, with the voltage source behind a reactor. The voltage source is created from a DC capacitor and therefore a Static synchronous compensator has very little active power capability. However, STATCOM active power capability can be increased if a suitable energy storage device is connected across the dc capacitor. The reactive power at the terminals of the Static synchronous compensator depends on the amplitude of the voltage source. For example, if the terminal voltage of the voltage source converter (VSC) is higher than the ac voltage at the point of connection, the STATCOM generates reactive current and when the amplitude of the voltage source is lower than the ac voltage, it absorbs reactive power. The response time of a STATCOM is shorter than that of a static Var compensator (SVC), mainly due to the fast switching times provided by the IGBTs of the voltage source converter. The STATCOM also provides better reactive power support at low ac voltages than an SVC, since the reactive power from a STATCOM decreases linearly with the ac voltage (as the current can be maintained at the rated value even down to low ac voltage).
STATCOM Operating Principle
A STATCOM consists of a coupling transformer, an inverter and a DC capacitor as shown in Figure 2 .
Fig 2: Structure and equivalent circuit of STATCOM
In the ideal steady state analysis, it has been assumed that the active power exchange between the AC system and the STATCOM has been neglected and only the reactive power has been exchanged between them. STATCOM is usually used to control transmission voltage by reactive power shunt compensation. Based on the operating principle of the STATCOM [8] the equivalent circuit has been derived, which is evident in Figure 2 . In the derivation, it is assumed that the harmonics generated by the STATCOM as neglected and the system as well as the STATCOM as three phases balanced. The STATCOM has been equivalently represented by a controllable fundamental frequency positive sequence voltage source V sh . In principle of the STATCOM output voltage can be regulated in such a way that the reactive power of the STATCOM can be changed.
Modeling of STATCOM
From the equivalent circuit of the STATCOM shown in figure 2 [7] .
Let then the power flow constraints of the STATCOM are:
Where,
The operating constraint of the STATCOM is the active power exchange via the DC link. i.e. Analysis and Comparison of power flow control and power transfer capability in a Long Transmission Line using Shunt FACTS devices.
STATCOM Control Strategy
STATCOM was used for controlling the bus voltage, reactive power injection, impedance and current magnitude. Among these control options control of bus voltage of the local, which the STATCOM are connected to, is the most recognized control function. The mathematical descriptions of the control functions are [6] 
2.3.1. Bus Voltage Control
The bus control constraint is
Where V spec i is the bus voltage control reference
Reactive Power Control
In this control mode, reactive power generated by the STATCOM is controlled to a reactive power injection reference. The control constraint is 0 Q spec sh Q sh  
(7)
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Impedance Control
STATCOM compensation can be equivalently represented by an imaginary impedance or reactance. In this control mode V sh is regulated to control the equivalent reactance of the STATCOM to a specified reactance reference
Where, X spec shunt is the specified reactance control reference of the STATCOM and X shunt is the equivalent reactance of the STATCOM.
STATCOM POWER FLOW MODEL
Then the power flow constraints of the STATCOM are given by [1] :
The main constraint of the STATCOM while operating is that, the active power exchange via the DC link should be zero i.e. 
Fig 3: Static compensator (STATCOM) equivalent circuit
The bus at which the STATCOM is connected is represented as a PV bus, which may change to a PQ bus in the event of limits being violated. In such a case, the generated or absorbed reactive power would correspond to the violated limit. Unlike the SVC, the STATCOM is represented as a voltage source for the full range of operation, enabling a more robust voltage support mechanism. The STATCOM equivalent circuit shown in Figure 3 
After performing some complex operations, the following active and reactive power equations are obtained for the converter and bus k, respectively: 
Fig 4: STATCOM with power flow Flow-chart
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SINGLE PHASE FAULT
An electric power system consists of generators, transformers, transmission lines and consumer equipment. The system must be protected against flow of heavy short circuit currents, which can cause permanent damage to major equipments, by disconnecting the faulty section of system by means of circuit breaker and protective relaying. Such conditions are caused in the system accidentally through insulation failure of equipment or flashover of lines initiated by a lightning stroke or through accidental faulty operation. Any abnormal conditions which causes flow of huge current in the conductors or cable through inappropriate paths in the circuit can be defined as a fault [10] In normal operating conditions all the circuit elements of an electrical system carry currents whose magnitude depends upon the value of the generator voltage and the effective impedances of all the power transmission and distribution system elements including the impedances of the loads usually relatively larger than other impedances. Faults usually occur in a power system due to insulation failure, flashover, physical damage or human error. This fault"s may either be three phase in nature involving all three phases in a symmetrical manner, or may be asymmetrical where usually only one or two phases may be involved. Faults may also be caused by either short-circuits to earth or between live conductors, or may be caused by broken conductors in one or more phases. Sometimes simultaneous faults may occur involving both short-circuit and broken conductor fault"s (also known as open-circuit faults).
Fig 6: Single Line-Ground Fault Flow-chart.
These papers consider an L-G fault [9] with fault impedance Z f as shown in figure. Suppose fault is occurring at bus "a", then the effected fault bus voltage can be determined by using the equation [9] . 
SIMULATION RESULTS AND DISCUSSIONS
This paper is presented in the concept of power system Fault with STATCOM FACTS controller. 
